The Environmental Sustainability Index (ESI) has been proposed by collaboration of the World Economic Forum, Geneva, Center for International Earth Science Information Network, Columbia University, and Yale Center for Environmental Law and Policy, New
I. Introduction
A central issue in the context of the environment is that of its sustainability. This presumes the development of an index that encapsulates both the current state of the environment as well as its potential to provide support for future human activity. As would be expected there is a plethora of definitions of the concept of sustainability. We have proposed that the applicability of the notion of sustainability has ultimately got to be universal and refer to the indefinite future. (Jha and Murthy (2000) ).
Once the broad contours are accepted the need for a measure of sustainability arises.
Obviously such a measure must be general enough to cover various dimensions of environmental degradation and potential as well as all countries in the world. Such a measure is necessary for making international and inter-temporal comparisons. This would reduce the ambiguity about the role of different countries, regions and income classes in efforts for global environmental management. The basic structure of the ESI index is described in Figure 1 .
Insert Figure 1 here
The ESI could presumably be a tool in environmental debate and, in the future, such a measure has the potential of seriously impacting domestic and international policy analysis.
Hence, it is important that there be widespread acceptance of the structure and methodology of the ESI. Surely the construction of an index is an evolving process and periodic evaluation of this methodology would be useful. It needs to be compared with other such indices. The ESI report provides a review of some of the other existing indices of sustainability.
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This paper seeks to critically evaluate the structure and methodology of the ESI.
There are two guiding concerns in doing so. First, a broad distinction has to be made between differing standpoints in relation to sustainability. Second, sustainability has to be studied within a causal framework.
Sustainability can be discussed as per at least three distinct standpoints:
2 The ESI report compares nine indices with the ESI. See ESI 2002 Report - of population with access to improved drinking water. The problem with the 'code' is that if the index is low it favours the former variable and if it is high it favours the latter.
An important principle in the formation of an index is that the sum total of the variable must yield an interpretation that is unidirectional, i.e., the 'code' must be the same.
Once the index is aggregated such differences would not be known to users but would continue to have serious implications for analysis.
There is a similar problem with the broad indicator -Environmental Governance. The greater the 'percentage of area under protected status' the better, presumably, is governance.
However, if the subsidy is on 'energy use' and 'commercial fishing' does it still amount to better governance?
If the intention of the ESI is to be a 'near-complete' and an 'almost-correct' index, then much more needs to be said about its coverage and correctness. For instance, under 'Environmental Governance' certain variables that have been included are either antiquated or politically incorrect. The variables that emphasize protected areas lay stress on the socalled 'fence and forget' approach but ignore recent understanding on the subject of forest management. Fundamental changes in thinking about forest management have not been reflected in this approach. In real terms, a significant (though small) part of forest management is coming under co-operative management of and by the local populations (mainly tribal). This is not only more politically correct but also more appropriate because, in large parts of the world, the thorniest problem in environmental management is the reconciliation of the interest of people and nature. This approach tries to put this reconciliation into practice. The dynamics of management have evolved to 'jointmanagement', i.e., private, co-operative and government and the literature on forest management has worked out the optimal shares of the three components of management (Gjertsen and Barrett (2001) ).
The broad category called 'Social and Institutional Capacity' is incomplete and, at least in parts, politically incorrect since it ignores gender issues. The greatest inequity in forest management is in respect of gender. The indicator called 'Private Sector
Responsiveness' has a corporate bias. It is biased towards industry and against agriculture/forestry. It is also biased towards corporate governance against people's governance. There is an advanced system of management of common lands, agriculture and forests called 'Heritage Parks' (Henderson (1993) variables; e) ambiguity of the index (changing the sign); and f)Relevance index (implicit weights). We now briefly discuss these problems.
Inter-correlation
There is a definite purpose of data-reduction methods in general and PCA in particular. It is a methodological advancement that has great utility in the area of developing indices. There are many real world situations where a large number of observable variables represent a single phenomenon. Very often these variables may not only be correlated but causally linked (with feedback) as well. For instance, excessive paper consumption would result in deforestation, which would cause a fall in water resources and a growth in CO 2 levels, which would then cause global warming, soil degradation and denudation, which would adversely affect bio-diversity and so on. In such linkages it is not possible to separate cause and effect.
PCA methodology is specifically designed to deal with such a situation.
However, one of the main reasons put forward by the ESI methodology to reject the use of PCA is that the correlation amongst indicators is low (0.05) (ESI 2002 Report, p. 47) .
The problem appears to be the level at which the correlation has been measured. At the level of the twenty Core Indicators the data has already been processed to a great extent since the extreme values have been truncated and the code problem remains because of which after aggregation of individual variables at the level of indicators the correlation may be ironedout. Moreover, an ambiguous procedure of switching the numerator has been followed for obtaining the Z-scores.
Equal weights
The use of equal weights can be criticized on several counts. First, if only three separate indices were to be formed (degradation, effects, and management) and if all 68 variables were to be apportioned by ensuring the proper code, the inter-correlations would have shown-up.
Second, if the arbitrary procedures were not adopted, this trend would have been more 
Ignoring outliers
A serious problem with the methodology is that the outliers of the variables were trimmed.
Observed values above 97.5 percentile and below 2.5 percentile were reset. A meaningful and attractive part of PCA methodology is that it identifies and distinguishes them from influential observation. This is very relevant for environmental analysis, given the wide diversity. Removing outliers unnecessarily irons-out the variation.
Correlation with other drivers
The 
Relevance index
Although the methodology avoids using differential weights, it implicitly believes in one. In Table A .1.1, in Annex 1 of the ESI Report, there is a column named 'relevance'. Here the authors of the Index have implicitly specified qualitative weights for each of the 68 variables.
All these variables are grouped into 20 core indicators, which are then combined into five broad indicators. We have assigned a numerical weight from 1-7 for the qualitative weights specified. This range of weights depends on the nature of comments about relevance. The weight is 1 for low and goes up to 7 for extremely high. A weighted average of such weight has been calculated for each of the 5 broad indicators. Table 1 shows the ordering amongst them.
Insert Table 1 here.
In light of this, when ESI has an implicit weighting system, why did they not use differential weights? Secondly, ESI implies that each of these indicators may hold different levels of importance for different users. In such a situation merely continuing with the five indicators cannot be rationalized.
Hence, it can be said that ESI suffers from both conceptual as well as empirical problems. Before the index can be popularized it is necessary to thoroughly rework the entire index with the help of standard methodology like PCA instead of ad hoc procedures. More importantly, we need to develop a clearer understanding of the concept of environmental sustainability and its constituents. We proceed now to our use of this methodology.
III. Data, Methodology and Results

A basic criticism of the ESI methodology is that it does not use Principal Component
Analysis. Their own justification is in terms of the low correlation amongst variables. 5 The very nature of many of the variables is such that, many of them are closely related, if not causally related. It is quite telling that, out of forty-five correlation coefficients ((10x10) -10 (own correlation)/ 2), only sixteen are not significant, at the 5% level. The remaining variables are highly correlated and have statistically significant correlation coefficients. Thus around two thirds of the variables are correlated (See Table 2 ).
Insert Table 2 It is also economical because it minimizes the effort and time while achieving similar results. It reduces the cost of data collection. This is relevant especially, if the authors of ESI want it to be a model index for emulation. It can be sustained only if it is economical. Especially, if governments of poor countries are expected to collect bulky data from their own resources, the cost of collection becomes very relevant. These governments would either be dependent on donors (rich countries or Institutions) for funds for such purposes (which may have other implications) or would `cut corners` because of which data coverage, reliability and quality would suffer.
There are set procedures for scientifically selecting these variables from amongst many. CARSKM -Vehicles per populated land area.
We have applied Varimax Rotation Criterion (Kaiser (1958) ) and have accordingly retained four variables.
i) VOCKM -representing air quality.
ii) COALKM -representing depletion of resource.
iii) PRTMAM -representing bio-diversity iv) CO2GDP -representing global pollution.
The explanatory power of these 4 variables is given by: = 4 + 2.735 = 6.735 / 10 or 67.35%. (as per formula above).
The Component Scores of these variables that have been used for building the EDI (Environmental Degradation Index) are given in Table 3 .
Insert Table 3 here Finally, the EDI was constructed on the basis of component scores. The ranks were established on the basis of ascending value of EDI. This was done to make the ESI and EDI comparable. The logic is, that a low value of EDI corresponds to a more sustainable environment, which can be represented by a higher value of the ESI. This makes the code of both comparable. Then the relative ranks of the 2002ESI and our EDI were compared (See Table 4 ).
Insert Table 4 here
Ideally, the rank correlation should have been (+) unity. This would have endorsed that there is no flaw in the estimation of 2002ESI. However, the rank correlation coefficient was only 0.1067 and the Z value was only 1.2. Hence, the rank correlation was not significantly different from zero. A test using the Z value confirms that the rank correlation is (statistically significantly) below +1.
There are wide differences in the ranks of many countries giving anomalous results. For instance, Australia has a difference of (-)119 in rank(ESI minus EDI). This means that it is highly sustainable and extremely degrading (both simultaneously)!! Only very few countries retain the ranks. On the other hand Guinea-Bissau is hardly degrading but almost unsustainable!! This is true of most poor countries. Most of the rich countries have extremely high vehicular traffic and pollution and are by the EDI highly degrading but are fairly sustainable by the count of their ESI.
IV. Conclusions
This paper has argued that the basic design of the ESI leaves much to be desired. It has conceptual problems in its visualization of environmental degradation and sustainability. The choice of variables as well as the statistical methodology of compiling the index are also found to be wanting. The paper has proposed an alternative methodology using Principal
Components Analysis and argued this is an improvement upon the ESI methodology. Given the likely use of aggregate environmental indexes in future environmental management, the critique advanced in this paper is of considerable significance.
Appendix Basic Analytics of Principal Components
This appendix discusses some basic issues in Principal Components Analysis. For a fuller treatment see Lewis-Beck (1994) .
If we need to choose the essential variables and arrive at relative weights for the purpose of consolidating these variables into a single index we chose Principal Components Analysis (PCA). This is popular in the literature since it has a number of desirable properties.
Consider p random variables -x 1 , x 2 , .x p . such that PCA is a statistical technique that linearly transforms an original set of variables into a smaller set of uncorrelated variables that represents most of the information in the y 1 , the first principal component, is defined such that the variance of y 1 is maximized subject to the constraint that the sum of squared weights is equal to 1, i.e.,
If the variance of y 1 is maximized then the sum of the squared correlations with the original variables is also maximized. This is written as:
PCA finds the optimal weight vector (a 11, a 12, …a 1p ) and the associated variance of y 1 which is denoted as λ 1 .
The second principal component y 2 , is 
NOTE:
Only sixteen correlation co-efficients (in bold print) not significant at 5% level. All the rest are highly statistically significant. 
